Abstract: This paper investigates whether urban structure influences daily travel behavior differently when people telework in urban contexts. Regression models are applied to address whether and to what extent travel is associated with various measures of urban structure and key destination accessibility relative to the home location in Gothenburg, Sweden. The analysis treats groups of workers defined by teleworking practices. Micro-level data from the Swedish National Travel Survey 2011 capture individual travel behavior, while Swedish register data on the location of all firms and individuals combined with a GIS-based tool that measures travel times by car or public transport capture urban structure. Results indicate that telework weakens the relationship between urban structure and travel. Regression models of travel distance and time as functions of various geographical aspects of residential location display a much better fit for those not teleworking regularly. Telework allows various mobility strategies that together foster more spatially heterogeneous daily travel behavior, more dependent on personal attributes than on the home location relative to the workplace. Planners and policymakers should monitor whether the number of teleworkers continues to increase. If so, traditional distance-and location-based models and policies for predicting and planning transport may prove less accurate and effective than currently assumed.
Introduction
Over two decades after the launching of the World Wide Web, it is clear that initial expectations that information and communication technologies (ICT) would have a strong substitution effect, replacing location-based with ICT-based activities and thus substantially reducing overall travel, have not been realized (Andreev, Salomon, and Pliskin 2010; Mokhtarian and Tal 2013) . Many scholars nevertheless argue that increased ICT access and use have modified traditional patterns of activity and travel in time and space (Couclelis 2000; Kwan, Dijst, and Schwanen 2007; Lenz and Nobis 2007; Lyons 2009; Van Wee, Geurs, and Chorus 2013) . For example, ICT might relax many traditional spatiotemporal constraints (e.g., commuting to a specific workplace at a specific time), freeing up time for traveling to other activities and possibly stimulating new destination choices based more on personal preferences than geographical proximity. These views clearly assert a change in the role of urban spatial structure and physical access in forming everyday travel. However, few empirical studies have sought to understand how ICT affects accessibility (Lu, Chorus, and Van Wee 2012; Van Wee, Geurs, and Chorus 2013) or explore whether ICT use reduces the importance of proximity as an organizing principle of traveling (Kwan 2002) . This is an important issue. Results could, for example, help inform ongoing discussions on whether daily travel is becoming less location-based (Elldér 2014a; Kwan and Weber 2003; Miller 2007) and have implications for planning and policy in the future, not least from a sustainability perspective, including efforts to control urban and regional location structures (Couclelis 2000; Helling and Mokhtarian 2001) . Couclelis (2000, 353) , for example, argues "that because of the growing spatiotemporal plasticity and fragmentation of activities, planners have less control than ever before on what activities take place where (and when)." Traditional planning and design policies of densifying metropolitan areas to reduce travel distances might be less effective as access to and use of ICT increase, affording new opportunities to organize daily activities in time and space. This paper advances these discussions by investigating whether urban structure and physical access to destinations relative to home influence travel behavior differently in an urban context when people telework. If so, that might indicate to what extent and how ICT affects daily travel and, in the long run, the location patterns of urban activities as well. Work-related travel is generally related more to spatial circumstances than are other trips (Elldér 2014b; Naess 2005) , as workplaces in many urban areas are geographically concentrated in inner cities and industrial areas and where and when wage labor is performed is determined largely by the employer. Work is also the activity most likely to bind other daily activities in time and space (Schwanen, Kwan, and Ren 2008) . One plausible hypothesis could therefore be that the ability to telework (often by using ICT) relaxes the daily spatiotemporal constraints and erodes the strong relationships between urban structure and daily travel behavior on workdays. The opportunity to telework may enable people to decide more freely where and when to travel to work or, if preferred, to work at home. The time saved could then be used for other (potentially travel-demanding) activities. Put differently, when the spatial patterns of daily travel and activities are not anchored to a work location, this might allow a range of mobility strategies, possibly contributing to increasingly spatially heterogeneous traveling based more on individual needs than urban structure. Against this background, it is important to investigate whether teleworkers use the potential to move more freely and are less dependent on the patterns of urban location and distances. Furthermore, though telework has yet to reach the initially expected high levels and has remained at modest levels for several years, there has been a rapid increase in recent years in Sweden and several other countries. According to the Swedish National Travel Survey, 17.4 percent of Swedish workers reported teleworking regularly in 2011 1 , versus 9.8 percent in 2005-06 (Vilhelmson and Thulin 2015) . Apart from increasing the relevance of the research issue, this increase allows us to go beyond many previous studies of telework and travel behavior often criticized for their small samples, unrepresentative of an entire workforce (Andreev, Salomon, and Pliskin 2010; Mokhtarian and Tal 2013) .
The precise aim of this paper is to examine how urban structure and physical access to key destinations relate to the daily travel behavior of teleworkers versus non-teleworkers in the urban region of Gothenburg, Sweden. This is done mainly by using regression models to address whether and to what extent variation in worker travel behavior is associated with various measures of urban structure and physical access to key destinations relative to the home location. The analysis is performed for different groups of workers defined by their actual teleworking practices. Data are extracted from a unique combination of geo-coded micro-level data: Data from the Swedish National Travel Survey conducted in 2011 capture individual travel behavior and teleworking practices, and Swedish register data on the location of all firms and individuals combined with a GIS-based tool measuring travel times by car or public transport (PT) capture the patterns of urban location relative to where workers live. The high resolution of these data advances research in this field, which is often characterized by high levels of aggregation and small datasets.
The paper is structured as follows. This introduction is followed by a review of previous literature relevant to the aim of this study. The third section presents the study area, data sources, and methods. The results are presented and analyzed in the fourth section, and the results are discussed and the conclusion presented in the fifth and final section.
Literature review
Daily travel behavior can be seen as the result of a strategy by which people spatially match their demand for activities against the supply of facilities in order to fulfill the needs and wants of their daily lives (Jones 1983) . Given time constraints, the spatial dispersion and physical accessibility of facilities relative to where people live are central determinants of travel behavior. A growing literature examines such relationships between land use and travel (e.g., Boarnet 2011; Cervero 2001, 2010; Naess 2013; Stead and Marshall 2001) , generally concluding, for example, that people living in areas that are more densely populated and land-use diversified (Cervero and Kockelman 1997) , near jobs (Cervero 1989) , and more accessible to city centers (Naess 2005 ) commute shorter distances, travel less daily in general, and use more sustainable transportation modes. Though such studies seldom take ICT use and access into account, the impact of ICT on activity and travel has received considerable attention in recent decades from other parts of the transportation literature (Andreev, Salomon, and Pliskin 2010; Salomon 1986 ). Empirical studies have traditionally been concerned with the relationships between ICT use and travel demand, i.e., whether ICT use substitutes for, complements, and/or generates travel (Salomon 1986) . However, recent studies have also considered how ICT use modifies and/or fragments travel and activity participation (e.g., Lenz and Nobis 2007) and directly affects route choices (e.g., Farag and Lyons 2010) . A central conclusion of this literature is that the fast growth of ICT use has not resulted in any extensive overall net decrease in daily travel (i.e., substitution). Some authors suggest that increased ICT use may have contributed to the saturation of daily travel observed in many countries lately (Frändberg and Vilhelmson 2014; Vilhelmson and Thulin 2008) . The decrease of daily travel in younger cohorts may, for example, be linked to increasing use of ICT. However, besides concluding that ICT increases the underlying complexity of travel and destination choices, it is difficult to make general statements regarding how ICT affects travel. Mokhtarian and Tal (2013) describes these complex interrelationships as an "intricate tapestry" in which the effects range from the direct (e.g., information about a given trip) to the collateral in the short-(e.g., activity participation), medium-(e.g., car ownership), and long-term (e.g., migration). Van Wee, Geurs, and Chorus (2013) provides a conceptual overview of how this-in Mokhtarian and Tal's words-"tapestry of relationships" could shape people's accessibility in various ways. The central theme is ICT's potential to ease traditional spatiotemporal constraints, including by reducing travel resistance, allowing activities to be carried out at different times of the day, better matching activities and facilities, and substituting virtual for physical access.
Many empirical studies focusing on the implications of telework for travel demand have been carried out over the years (Andreev, Salomon, and Pliskin 2010) . Based on these studies, it is safe to say that telework, on average, reduces travel in the very short term. However, it is more difficult to draw general conclusions in the longer term since telework, for example, might result in residential relocation to areas with higher travel demand (Mokhtarian, Collantes, and Gertz 2004) as well as saving time to use for other potentially travel-based activities (Hopkinson and James 2003) . Some studies have focused more on how telework modifies daily travel patterns and make more detailed comparisons of teleworkers' spatial travel patterns with those of non-teleworkers (or with their own on non-telework days).
Though such studies seldom ask whether telework affects urban form-travel relationships, an overall and important conclusion of such studies is that there often are significant differences in the spatial dispersion of daily travel and destination choices. Mokhtarian and Varma (1998) , for example, compared the travel behavior of center-based telecommuting on telecommuting and non-telecommuting days in California, and found that the distance traveled for non-work purposes declined on telecommuting days. Trip rates increased, however, since workers often went home from the telecenter on their lunches. Though such an observation is expected since commuting often constitutes most traveling on a workday, it has important implications for the research question asked here. If telework makes little difference to the spatial patterns of daily travel, there would also most likely be few differences in how travel relates to urban form. The effect of the home location on travel behavior, however, was not controlled for by Mokhtarian and Varma (1998) . A similar study, Saxena and Mokhtarian (1997) , also includes spatial information about trip destinations in relation to the home and work locations in the analysis. An interesting finding, that may support the hypothesis of weakened urban structure-travel relationships due to telework, was that destinations on regular commuting days were mainly planned toward the work location while destinations on telecommuting days were spread in all directions. Another relevant study is that of Pendyala, Goulias, and Kitamura (1991) , which noted that the daily mobility of teleworkers is less spatially dispersed than that of commuters to a regular workplace. This could contradict the hypothesis that teleworkers' daily travel is more spatially heterogeneous. On the other hand, Pendyala, Goulias, and Kitamura (1991) do not take into account whether or to what extent traveling is related to urban structure. An important aspect to bear in mind when drawing conclusions from this literature is that, given the fast development of ICT and telework in recent years, many of these studies might be somewhat outdated. Many previous empirical studies are also criticized because of data deficiencies (i.e., small and non-representative samples) (Andreev, Salomon, and Pliskin 2010; Mokhtarian and Tal 2013) . Since telework has not been that widespread, it has been difficult to achieve representative samples of whole working populations when collecting data on individuals' daily travel. Many studies have surveyed single companies in which a relatively large share of workers can telework (e.g., in telecom industries).
In conclusion, there is little empirical evidence whether currently accepted relationships between the spatial patterns of urban location and travel differ between teleworkers and non-teleworkers. Many authors have argued theoretically that this is the case since ICT and telework can relax spatiotemporal constraints. This may reduce the importance of physical access and urban form relative to individual choice for daily travel behavior. As is clear from the literature review, this hypothesis remains to be tested empirically using recent and adequate data, providing the main justification and contribution of this paper.
3
Study area, data, and methods
Study area
The study is set in the greater Gothenburg metropolitan area, defined as Gothenburg municipality and the adjacent municipalities of Kungälv, Partille, Härryda, Öckerö, Ale, Lerum, Mölndal, and Kungsbacka (see Figure 1) . Gothenburg is the second largest city in Sweden with approximately 550,000 inhabitants at the time of study. The entire study area, which is home to 840,000 individuals, includes a well-organized transportation network with main roads, regional trains, and a tram network in the city of Gothenburg. Though many cities have experienced decentralization, resulting in more polycentric urban struc-tures, Gothenburg has remained fairly monocentric, with 75 percent of jobs in the study area being located in urban Gothenburg. In addition, there are industrial areas in the semi-periphery of Gothenburg and several local centers (e.g., Kungälv and Kungsbacka) outside the main urban area where access to services, retail, and PT is relatively good. 
Complementary data sources
The main data come from the Swedish National Travel Survey (RES) carried out in 2011 (Trafikanalys 2012) . This survey gathered data on the everyday traveling of a large randomized sample of the Swedish population. Every person surveyed was assigned a random measurement day. All relocations outside the respondent's dwelling on this day were recorded using travel diaries. The respondents also answered questions concerning various background conditions that may affect their travel behavior. Unlike many other national travel surveys, RES also includes several questions concerning ICT and telework practices. The response rate was 47 percent, for a total of 7392 respondents living in the study area. Two databases were used to define the variables describing urban form. The Geographical Individual Longitudinal Database for Analysis (GILDA) comprises the Swedish official register of geocoded micro-data for every individual and firm in the study area in 2010. Data from official Swedish educational, income, employment, health insurance, and population registers are integrated into this database (SCB 2011) . A key aspect of GILDA is that it includes geographical coordinates for both firms and individual homes (with a 100-meter resolution). GILDA was complemented with a GIS-based tool that measures accessibility by car and PT in the study area (Larsson, Elldér, and Vilhelmson 2014) . The tool was used to define independent urban structural variables by assessing travel times by car or PT from the respondents' homes in RES residential locations to various key destinations defined according to GILDA.
3.3
Preparing data for analysis and defining variables
Defining groups for comparison
A key methodological procedure was to define groups of respondents for comparison based on their teleworking practices. Two survey questions were used to create these comparison groups: 1) "Do you telework regularly?" and 2) "You stated earlier that on the day of the survey, you undertook paid work at a location other than your normal workplace. Was that telework?" The respondent was told that telework in this case referred to work sometimes performed at any place other than the usual workplace. Note that this definition also includes part-day teleworking. The respondent was also told that it was not considered telework to "work on your way to or from work (e.g., reading a report on the bus)," "bring your work home after working hours," "go on an errand during your work," or "temporarily work at home due to a sick child, etc." Also, workers with "mobile" workplaces (i.e., no fixed location/flexible locations every day) are not included. Note that the respondents were not given any quantitative definition of "regularly" in the first question. However, the second question, asking about teleworking on the survey day, defines teleworking more strictly and better captures the differences in urban form-travel relationships possibly attributable to telework. It is also important to examine the group that teleworks regularly, though not on the survey day, to capture the entire telework population. Teleworking is not necessarily done every day.
2 Furthermore, the possibility of teleworking can be understood as a mobility strategy that could, for example, enable people to live more inaccessibly, changing the relationship between urban structure and travel habits. This is also important for validity reasons, because those who are able to telework can generally be expected to possess greater mobility resources (e.g., due to higher income) and hence be less constrained by urban spatial structure. In addition, comparing active teleworkers with regular teleworkers who did not telework on the survey day increases the validity of the results, as it more closely lets us examine whether it is teleworking that makes the difference, if any. However, as further discussed in Section 3.3.3, it is important to note that due to the cross-sectional nature of this study, the comparison groups are not equal in all regards except teleworking practices.
Only respondents who performed wage labor on the survey day and who stated whether or not they teleworked on the survey day were selected for analysis. Following this procedure, a total of 2500 individuals were selected for analysis from RES.
3 A total of 536 (23.1 percent) individuals reported teleworking regularly, of whom 180 stated that they teleworked on the survey day (see Table 1 ). Note that almost all of the teleworkers who teleworked on the survey day (97 percent) reported teleworking from home.
Dependent variable
This study operationalizes travel behavior as two dependent variables: total distance traveled and time spent traveling on the survey day. By focusing on total travel, possible rebound effects on the survey day are captured by the dependent variables. Total daily distance traveled is the main dependent variable. Distance is central to sustainable mobility (Banister 2011) ; for example, shorter trips increase the opportunity to use sustainable travel modes such as walking and cycling. Often highly correlated with travel distance, travel time is also related to environmental issues. Furthermore, travel time is also directly linked to workers' quality of life and stress (Wener et al. 2003) . Table 1 presents descriptive statistics for the dependent variables. The regular teleworkers traveled farther and for a longer time on the survey day than did non-teleworkers. However, looking more closely at the group of regular teleworkers reveals that those teleworking on the survey day traveled a shorter distance than did those who did not. Meanwhile, those who did not telework on the survey day spent less time traveling. Furthermore, note that the standard deviations in the dependent variables for the teleworkers are larger than for the non-teleworkers. The larger variability in travel behavior could, however, be consistent with the hypotheses that telework weakens urban structure-travel relationships. When people are able to telework daily, spatiotemporal constraints might be relaxed and result in larger variability in daily travel. For example, some workers might spend time at their regular workplace only part of the day, and some may work from home during weekends saving time for leisure activities on weekdays. There were no outliers in regard to very long distance travel present in the data.
Note that the dependent variables were transformed using natural logarithms to produce a normal distribution before running the models since the regression models used (described in Section 3.4) assume the dependent variables to be normally distributed around their means. Respondents who did not travel during the survey day were therefore not included in the final models. However, only 2.3 percent of the respondents in the sample reported no trips and they were not overrepresented in any of the groups defined for comparison (see Table 1 ).
Individual control variables
Several individual control variables were constructed from the RES database. These comprise standard socio-demographic variables previously found to be important determinants of travel behavior (see Table 1 ). These variables are used mainly to improve the validity of the analysis. Base models are first fitted with individual control variables before adding urban form variables. This procedure confirms that statistically significant correlations between travel behavior and urban structure remain after controlling for the individual covariates. The empirical analysis procedure is further described in Sections 3.4 and 4. A fairly expected picture appears when comparing how the individual characteristics are distributed within the groups (Helminen and Ristimäki 2007; Vilhelmson and Thulin 2001) . Respondents who telework regularly have higher incomes and education and are more likely employed in the advanced service sector compared with those not regularly teleworking; as well, larger shares have access to a car, live with their children, and are in midlife. When comparing regular teleworkers based on whether or not they teleworked on the survey day, there are much smaller differences. However, respondents who teleworked on the survey day are more likely to be male, employed in advanced services, and surveyed on a weekend. As discussed above, this reflects the cross-sectional nature of the data not allowing for conclusions on the direct causal effects of telework. For comparative reasons, Table 1 also includes descriptives for the total population for variables available in the official Swedish registers. 
Urban structure variables
Most previous studies of land use-travel interactions have focused on neighborhood-scale land-use characteristics of limited geographical scale (e.g., population density or street pattern within a census tract). However, many authors have recently demonstrated that regional land-use variables (e.g., distance to city center) tend to explain more variation in daily distance traveled than do neighborhood-scale variables (Boarnet 2011; Ewing and Cervero 2010; Naess 2011) . A common issue in this context is that various independent variables capturing the geographical context of the residential location are often highly correlated, making it difficult to evaluate which variables causally influence travel. Distance to the city center, for example, could be thought of as a proxy for other important aspects of the built environment, since inner cities generally have a higher concentration of key daily destinations, including workplaces, retail and grocery stores, cultural facilities, and public authorities. Various urban structural variables were initially constructed for the analysis. The GIS-based accessibility tool described in Section 3.2 was used to measure travel times and distance (via the road network) from the respondents' residences to key daily destinations taken from the GILDA database. Most variables used in the analyses presented here would be considered more regional on the neighborhood-region continuum. Neighborhood-scale variables such as population density within the residential area were much less correlated with the dependent variables. Such variables could be expected to be more relevant when, for example, examining only non-work travel and how neighborhood design can encourage walking/biking instead of car driving when performing service errands or leisure activities. A list and further description of the urban form variables used in the present analyses here appear in Table 2 .
Furthermore, bivariate Pearson correlations were fitted to evaluate how the urban form variables covary (see Appendix A). As expected, most of the variables were significantly correlated with each other. Travel time by PT in minutes via the road network to the closest grocery store Groceries, distance Distance via the road network in meters to the closest grocery store Population, 1 km Number of people living within 1 km via the road network Jobs,1 km Number of jobs within 1 km via the road network JWR, 1 km The number of job opportunities relative to the number of gainfully employed living within 1 km via the road network a A local center is defined as the location of the train station in a suburban town with more than 10,000 inhabitants (i.e., Kungälv, Lerum, Mölndal, Mölnlycke, Lindome, and Kungsbacka, as shown in Figure 1 ).
Note that if the urban form variables are roughly divided into more regional (e.g., distance to city center) and more local (e.g., distance to closest grocery store and jobs within 1 kilometer) variables, they are generally most correlated with other variables on a similar scale. The models were later built step-wise with the help of the correlation matrix to achieve the best fits as described in the following section. It is important to note that the precise aim is not to evaluate the exact characteristics of the built environment that influence travel but rather to determine to what extent overall daily travel is related to urban structure.
3.4
Step-wise analysis
The aim of the paper was attained using bivariate Pearson correlation and ordinary least square (OLS) regression models. The analysis was carried out step-wise. First, simple descriptive Pearson correlations of the urban form and the dependent variables were determined. These results were used to select variables for the regression analysis by evaluating which of the urban form variables were most correlated with the dependent variables for the different groups. Second, base models including only the socioeconomic and demographic variables were fitted. These models were used to control for possible individual interactions and are only briefly elaborated on in the ensuing analysis. Finally, urban form variables were added to evaluate their contribution to explaining the variation in travel-behavior dependent variables. Observation of how R 2 values change and F-tests are used to measure the improvement of the model due to adding the variables. Two sets of models are presented for each dependent variable. In the first set, different models were fitted for those who did and did not report teleworking regularly. In the second set of models, only those who reported teleworking regularly are included. The separate groups were then analyzed based on whether or not they teleworked on the survey day.
Results

Comparing regular teleworkers with non-teleworkers
Bivariate correlation analysis
The results of the correlations comparing the non-teleworking group with everyone who reported teleworking regularly are presented in Table 3 . A preliminary observation is that most of the urban structural variables are significantly correlated with the distance traveled on the survey day. These correlations suggest, as expected, that the closer workers live to the city center, jobs, population, grocery stores, etc., the less distance they can be expected to travel. The more regional urban structural variables (i.e., location of the residence relative to the center of Gothenburg and the number of jobs or population within 5 kilometers) display the strongest correlations overall. The bivariate correlations also suggest that there are differences in how the urban form relates to daily travel distance between those who telework regularly and those who do not. Of the urban structure variables, a majority displays stronger correlations with travel distance for those who do not regularly telework than for those who do. The distance and travel time to the closest local center from the home location are not significantly related to how far the regular teleworkers travel on workdays.
If travel behavior is operationalized as daily time spent traveling, the magnitude of the correlations are generally smaller and do not exhibit the same differences between the groups as for distance. Most of the urban form variables are significantly correlated (p < 0.05) with travel time for the non-teleworkers. However, how much time a teleworker spends traveling on workdays is related significantly only to the time it takes to travel by car or PT to the city center or closest local center. Again, the more regional variables tend to display the stronger correlations, although the pattern is not as clear as for distance. The location of the residence relative to the city center remains important in the case of travel time as well. As expected, the distance via the road network is less important when predicting daily travel time than is the travel time by PT or car between the home and city center. Furthermore, and as expected, the farther away workers live from the city center, jobs, grocery stores, etc., the more time they can be expected to spend traveling on workdays.
In conclusion, the correlation analysis results suggest that there are differences in how the urban structure relates to daily travel depending on whether or not one teleworks regularly. These correlations indicate that urban structure is less important for those teleworking regularly when operationalizing travel behavior as daily distance or time. These indications are further explored using regression models elaborated on in the following section.
Regression analysis
Several models were initially fitted based on the problems of correlation between the variables describing urban structure discussed earlier and on the outcomes of the bivariate correlations. The models using travel distance as the dependent variable are discussed first (see Table 4 ). As suspected from the correlation matrix (Appendix A), the best model fits were achieved when adding both one regional and one local variable; there were no setups in which adding a third urban form variable improved the fit. The models presented here include the distance from home (via the road network) to city center and to the closest grocery store; these two variables together achieved the best overall fit. The results of adding only the other variables (alone or paired), however, were largely the same in terms of the difference in explanatory value between the groups. The largest differences were found for certain urban form variables (e.g., distance/travel time to a local center), which did not contribute at all when fitting the model for regular teleworkers but were important in explaining variation in non-teleworkers' daily travel distance. Furthermore, the variables for individual characteristics together explain more of the variation in daily travel distance than do the urban structure variables (i.e., R 2 values before and after adding the urban form variables). This confirms the importance of controlling for individual characteristics when studying urban structure-travel interactions. Another expected observation is that car access is clearly the most important variable. Access to a car generally results in considerably greater daily travel distances, regardless of whether a person teleworks regularly or whether the urban form variables are controlled for.
Furthermore, the results of the regression analysis suggest weaker urban structure-travel relationships for regular teleworkers than non-teleworkers. Adding the urban form variables contributes considerably more to explaining the variation in distance traveled on the survey day for non-teleworkers: The R 2 increased by 0.050 as a result of adding the urban form variables for this group but by only 0.029 for those who telework regularly. F-tests, however, indicate that the urban form variables contribute significantly to both models, though the F-statistic is considerably lower for the teleworkers (6.789, p < 0.01) than the non-teleworkers (36.931, p < 0.001). Not surprisingly, residential location relative to the city center of Gothenburg is significant for both groups. In general, whether or not a person teleworks regularly, living closer to the city center will reduce the daily travel distance. The magnitude of this effect is similar for both groups (0.250 versus 0.254). The distance to the closest grocery store is significant only for non-teleworkers when simultaneously controlling for the distance between home and city center. However, when omitting this variable, the nearest grocery store variable becomes significant even for those who telework regularly. But once again, the significance levels of the parameter estimates, the change in R 2 , and the F-tests all indicate weaker urban structure-travel relationships for regular teleworkers than non-teleworkers. With respect to travel time, we first fitted several models, altering the setup of the urban form variables. Only two of the urban form variables, however, contributed significantly to explaining the daily travel time of those who telework regularly, i.e., travel time by car or PT to the city center. The models with travel time as the dependent variable (also presented in Table 4 ), therefore, include only travel time by PT between home and city center. 4 Again, the individual variables are only briefly discussed before considering the urban form variables in more detail. Access to a car-unlike when modeling travel distance-is significant only for those who do not regularly telework. As in the travel distance models, the variables for individual characteristics explain more of the variation in travel time than do the urban form variables.
Returning to the main question asked here, concerning whether telework weakens the relationship between urban form and travel behavior, similar indications can be found when operationalizing travel behavior as travel time but not as strong as in the case of travel distance. A person-whether or not a regular teleworker-can be expected to travel for a longer time on a workday the longer it takes that person to reach the city center from home. This effect is statistically stronger for the group that does not telework: The R 2 increased by 31.3 percent (F, p < 0.05) as a result of adding the urban form variables for regular teleworkers versus by 63.6 percent (F, p < 0.001) for those who do not. However, the differences in raw changes of R 2 (0.014 versus 0.010) and effect sizes (0.166 versus 0.151) are small. The R 2 values are also low, and 97-98 percent of the variance in travel time is left unexplained.
4.2
Comparing regular teleworkers based on whether or not they teleworked on the survey day
Bivariate correlation analysis
To more directly analyze whether telework affects the relationships between urban structure and travel behavior, regular teleworkers are compared based on whether or not they teleworked on the survey day. The results of the bivariate correlation analysis are presented in Table 5 . In the case of travel distance, the outcome of the correlations is similar to when one distinguishes between regular teleworkers and non-teleworkers. Living closer to the city center, a grocery store, jobs, etc., makes it more likely one will travel a shorter distance on workdays. The correlation results also suggest that this relationship is weaker on the days that a person teleworks. Most of the urban form variables are significantly correlated with the travel distance of those not teleworking on the survey day. Meanwhile, several variables do not display significant correlations for those teleworking on the survey day and the correlation coefficients are mostly of smaller magnitude. These differences are more obvious when we instead analyze the relationship between the spatial variables and time spent traveling on the survey day (see Table 5 ). None of the urban form variables is significantly correlated with travel time for those teleworking on the survey day. Regular teleworkers, however, can be expected to travel for less time on non-teleworking workdays if they live closer to a local center or the city center and the correlations are generally stronger.
4.2.2
Regression analysis Table 6 presents the regression models that analyze only the regular teleworkers but compare them according to whether or not they teleworked on the survey day. Overall, the results of these models further confirm the outcomes discussed above. In the case of travel distance, the relative increase in R 2 is considerably smaller for the group that teleworked on the survey day, while none of the urban form variables is significant. Meanwhile, as in the model including all regular teleworkers, distance to the city center is significant for those who did not telework on the survey day. Furthermore, the F-tests indicate that the urban variables are only weakly related to distance traveled on workdays when teleworking is performed, the F-statistic of 2.108 not being significant at the 5 percent level. There is, however, a very low probability (p < 0.01) that the urban form variables do not explain any variation in travel distance among those not teleworking on the survey day. These differences also hold when altering the urban form variables. All variables contribute more to explaining the travel distance of those not teleworking on the survey day. Very few setups of the urban form variables result in any significant contribution at the 5 percent significance level when modeling the travel distance of those teleworking on the survey day, the few exceptions occurring with the addition of only one of the city center variables. Once again, however, the effect is more strongly related to travel distance on non-teleworking workdays. Furthermore, the variables for individual characteristics again explain more of the variation in travel distance than do the urban form variables. As expected, car access is an important determinant of how far a worker-teleworking or not-travels on workdays.
If the dependent variable is changed to travel time, the differences between the groups become more obvious. The urban form variable (i.e., travel time by PT between home and city center) is not significant when fitting the model for those teleworking on the survey day. Regular teleworkers, however, can be expected to travel for a longer time on non-teleworking workdays if they live farther from the city center. The model statistics clearly confirm these results. The F-test for model improvement when adding the urban form variable is not significant and there is almost no change in R 2 for those teleworking on the survey day. The F-test, however, confirms that the urban form variable contributes significantly (p < 0.01) to the model fitted for those not teleworking on the survey day. In other words, where a worker lives relative to various urban structure features has very little to do with how much time that worker spends traveling on teleworking days. The model outcome instead suggests that education is a determinant of daily travel time when teleworking, with less educated workers traveling for longer times. These results, however, only apply to those teleworking on the survey day; none of the variables for individual characteristics is significant for the other group. Table 6 : Regression models comparing regular teleworkers based on whether or not they teleworked on the survey day 
Conclusions and discussion
This paper has revisited past literature on the influence of urban form on daily travel behavior. The distance and duration of work trips and daily travel, especially on workdays, have previously been found to be strongly influenced by urban structure (Elldér 2014b; Naess 2005) . Comparison between teleworkers and non-teleworkers, however, indicates that teleworking weakens the relationships between urban form and travel behavior on workdays. Regression models measuring the total travel distance and time during actual workdays as results of various aspects of urban structure relative to residential location display better fit for those not teleworking regularly. In fact, the urban form variables explain little of the variation in travel time and distance and retain few significant effects when fitting the models only for those who teleworked on the actual survey day. One potential explanation for this concerns differences in work-related travel between the groups compared. For regular workers, commuting generally accounts for most travel on workdays and is usually tied to a certain workplace. The spatial patterns of travel and destination choices are anchored to both the home and work locations and are, therefore, strongly spatially fixed. The strong effect of residential location relative to the city center attests to this. Many workplaces in Gothenburg's urban region are located within or near the city center. This spatial fixity is possibly relaxed when workers can telework and are anchored only to their residential location. This may afford opportunities for freer planning of daily activities in space and time based on individual needs and wishes, independent of the work location. For example, some workers might use the mobility resources saved to reach more distant non-work destinations, while others may decide to reduce their traveling or choose slower modes of transportation, and some may work at their regular workplace for only parts of the day. Another possibility is that telework allows more people to remain in or move to places with poor physical access; in these cases, the residential location might be important for more personal reasons. Telework allows for a broader spectrum of individual mobility strategies that together contribute to more spatially heterogeneous daily travel behavior, possibly often more dependent on who one is than where one lives relative to one's workplace. It is, however, important to emphasize that the groups of workers compared in this study are not only different in terms of teleworking practices but also to some extent in other aspects. An important task for future research is to apply experimental research designs to confirm the results presented and more thoroughly estimate the causal effect of telework on urban structure-travel relationships.
Additional aspects of the results also merit discussion. First, travel time is not as strongly linked to urban form as is travel distance, partly due to spatial variations in mode choice. Slower transportation modes are more frequently used by those who live more centrally, which levels the spatial differences in travel time. Inter-group differences regarding the influence of urban form, however, are similar to intergroup differences regarding the travel distance models. Furthermore, although this paper did not set out to analyze the variables for individual characteristics, some results should be borne in mind, particularly from policy and planning perspectives. Consistent with many previous studies (e.g., Ewing and Cervero 2001) , the individual variables explain more variation in travel distance than do the urban form variables. Of these individual variables, car access is, as expected, a key determinant of how far people travel on workdays-regardless of whether or not one adds urban form variables or considers teleworkers/ non-teleworkers. These results are also consistent with those of previous research.
Although the present results are consistent with the hypothesis that teleworking leads to more spatially heterogeneous travel patterns, several important issues remain for future research to explore. The results only apply to workers who travel on the day of the survey. Only 2-3 percent of the sample reported no trips, and these people were not included in the analysis. Since it is not unusual that travel surveys include larger shares of people not reporting any trips, this, however, might be of greater impor-tance in future studies. Furthermore, recent research has acknowledged the difference between telework for the entire workday versus parts of it (Haddad, Lyons, and Chatterjee 2009) . In this case, many of the respondents (60 percent) reported work-related travel during teleworking days indicating part-day teleworking and may be contributing to the differences in urban structure-travel relationships. If allowed by data used in future research, it would be interesting to examine differences between whole-day and part-day teleworkers.
Another related and important example concerns the single-day survey design, which does not allow drawing conclusions about possible inter-day dependencies of the spatiotemporal flexibility of activities. As discussed, telework might allow working or living at remote places with implications for travel behavior aggregated over a longer period of time. In addition several potential motives for telework impossible to derive from the travel survey data have implications for the relationship between urban form and travel. It is difficult to fully understand people's travel habits relative to spatial factors and teleworking practices without comprehensive knowledge of individuals' (and other household members') daily time-use practices. This is probably an important explanation of the low R 2 values in the travel-time models and indicates the importance of research specifically designed to deepen our understanding of this matter. For example, one could survey how daily mobility and destination choices relative to urban structure change after a person starts teleworking. It would also be interesting to design studies to examine whether the present results are generalizable to other forms of ICT use, trip purposes, and population groups. It is also important to test whether the differences between teleworkers and non-teleworkers observed in the Gothenburg case are similar in other geographical contexts. For example, one main explanation for the in some cases strong effects of the distance to the city center is the monocentric urban structure of Gothenburg. It is important to also analyze polycentric city regions and evaluate whether the results differ in such contexts. The recent increase in teleworking in many countries should allow for similar studies.
Finally, it is important to emphasize that these questions are developing rapidly at the moment, not only because teleworking is growing, but also because ICT technologies are continuing their rapid development. Planners and policymakers should keep a close eye on whether the number of teleworkers continues to increase. In such a scenario, results suggest that traditional distance-and location-based models and policies for predicting and planning transportation may prove less accurate and effective than currently assumed. The high flows of daily travel between residential and workplace clusters would then be likely to thin out. Often-prioritized land-use policies, for example, emphasizing mixed development and job-housing balance, might then gradually lose their effectiveness. Furthermore, other external factors could modify these relationships in the future; for example, increased travel costs would make people more spatially fixed. In such a case, a larger substitution potential of telework could be realized. It is safe to say that this important and rapidly changing area will continue to merit study in the future. 
